Objectives To characterize the clinical presentation and outcome in infants <6 months of age with Kawasaki disease (KD) and to describe the use of newer anti-inflammatory therapies in this young population.
as one-quarter of the reported range of normal hemoglobin concentrations for each age interval.
Complete KD presentation was defined as fever ≥3 days and ≥4 of the following clinical signs: bilateral conjunctival injection, polymorphous skin rash, changes in the lips or oral mucosa, changes (edema/redness/peeling) of the extremities, and unilateral cervical lymphadenopathy. Patients with fever ≥3 days plus ≤4 criteria with or without echocardiogram abnormalities were classified as incomplete KD. The response to IVIG therapy was classified as resistant, responsive, late treatment (≥11 days after fever onset), not treated, or unevaluable (received infliximab in addition to IVIG as initial therapy either for coronary artery aneurysms or because of clinical trial participation). IVIG-resistance was defined as persistent or recrudescent fever (temperature ≥38.0°C rectally or orally) at least 36 hours but not longer than 7 days after completion of the first IVIG infusion.
Echocardiograms were performed according to a standard protocol applied to all patients with KD. The standard of care at both centers is to perform an echocardiogram at the time of initial diagnosis and at 2 weeks after diagnosis in all patients with KD. In addition, infants and children with coronary artery damage have echocardiograms performed more frequently and at similar intervals (ie, every 1-2 weeks depending on severity of illness) as part of standard of care at both institutions. Patients were classified at RCHSD as having normal (<2.5 SD units [z score] from the mean, normalized for body surface area), dilated (z score ≥2.5 to <4), or aneurysmal (z ≥ 4; z > 10 for giant aneurysm) coronary arteries on the basis of the maximal internal diameters of the right coronary artery (RCA) and left anterior descending artery (LAD) measured by echocardiography at the time of diagnosis and up to 8 weeks after onset of fever. The worst-ever z score (z worst) for either the RCA or LAD at any time point during the first 6 weeks after fever onset or the z score of the largest aneurysm in any coronary artery segment was used for the continuous variable analysis. Body surface area and z scores were calculated using the Haycock and the Dallaire equations, respectively. 9 At CHOC, coronary artery abnormalities were classified as normal, dilated, or aneurysmal (focal dilation of an arterial segment at least 1.5 times the diameter of the adjacent segment). The study received Institutional Review Board approval at the University of California, San Diego and CHOC.
Statistical Analyses
The data for infants <6 months old were combined for the 2 sites and compared with infants and children ≥6 months old. Worst z score on any echocardiogram among patients was compared for infants <6 months old vs those ≥6 months old for RCHSD only as z score data were not available for CHOC. Fisher exact test was used to analyze categorical variables, whereas the Wilcoxon rank sum test was used for continuous variables.
For laboratory values that were outside the dynamic range of the test (ie, erythrocyte sedimentation rate of ≥140 mm/hour, ALT ≤3 mg/dL, and CRP ≤0.3 mg/dL), the maximal or minimal value detected by the assay was used, as appropriate.All statistical analyses were performed in the statistical software R v 3.1.0 (available at: http://www.R-project.org). No adjustments were made for multiple testing. P values less than .05 were considered statistically significant.
Results
Of the patients in this study, 88 (12.2%) were <6 months old at the time of diagnosis with KD and the remaining 632 patients (87.8%) were between 6 months and 17 years old ( Table I) . As is seen typically in KD, a predominance of the patients were male in both cohorts. There were more patients with KD of Asian ethnicity in the <6-month-old cohort and a larger number of patients that were of mixed racial background in those ≥6 months of age. Both cohorts had a median illness day of 6 days at the time of diagnosis, and the majority in both cohorts (86.4% in <6-month-old group and 86.2% in ≥6-month-old group) were diagnosed and treated within the first 10 days of illness.
Overall, oral changes, unilateral cervical lymphadenopathy, and extremity changes were more common in the older group (P = .04, <.001, and <.001, respectively) ( Table I ). Although there was a larger proportion of patients with complete KD at RCHSD (33/53, 62.3%) than at CHOC (12/35, 34.3%), this proportion was higher for patients older than 6 months of age (505/632, 79.9%). Patients <6 month old were more likely to be diagnosed based on an abnormal baseline echocardiogram than by laboratory evaluation as per the 2004 American Heart Association (AHA) KD guidelines ( Table I) . With respect to laboratory data, the median white blood cell, platelet count, and CRP were higher and ALT and albumin were lower in the <6-month-old group (Table I) . We also compared the demographic, clinical, and laboratory data between infants <6 months old with and without coronary artery abnormalities; there were no significant differences in sex, ethnicity, clinical presentation, and baseline laboratory data between these 2 groups.
All patients were treated with IVIG (2 g/kg) and aspirin except for patients who presented late in the course of illness and no longer had evidence of systemic inflammation (2 of 88 < 6 months old (2.3%); 17 of 632 ≥ 6 months old (2.7%)) ( Table I) . At RCHSD, the clinical practice was to administer infliximab (5 mg/kg) to all patients with an initial RCA or LAD z score ≥2.5 and as the first re-treatment for IVIG-resistance. At CHOC, the clinical practice was to administer infliximab to all patients with a coronary artery dilatation or aneurysm and to administer a second dose of IVIG for IVIG-resistance. Infants <6 months old were more likely to receive infliximab for coronary artery dilation by echocardiogram compared with those ≥6 months old who were more likely to have received infliximab as part of a phase III clinical trial. Of the 86 infants treated with IVIG, 22 (25.6%) received infliximab within 36 hours of IVIG either as part of a phase III clinical trial (n = 5, 22.7%) or for a dilated or aneurysmal coronary artery on the first echocardiogram (n = 17, 77.3%) (Figure 1 ; available at www.jpeds.com). At the 2 sites combined, a total of 28 infants <6 months old received a single dose of infliximab without any untoward effects at either the time of administration or over NS, not significant. *All values expressed as median (25%-75% IQR). †For ethnicity, there was a significant difference in the groups labeled "Asian' and "more than 1 race."'. ‡zHgb is the SD units from the mean for age-adjusted hemoglobin values. 8 §These clinical features are based on the American Heart Association criteria for KD. Oral changes include erythematous oropharynx or lips or strawberry tongue. Cervical lymphadenopathy is unilateral and is a lymph node at least 1.5 cm. ¶Complete KD as defined by the AHA with at least 4 of the 5 clinical criteria. **Incomplete KD by laboratory evaluation is defined by the AHA with <4 clinical criteria and laboratory inflammation (erythrocyte sedimentation rate ≥ 40 mm/h or CRP ≥ 3 mg/dl with ≥ 3 supplementary labs elevated: albumin levels of <3.0 g/dL, anemia for age, elevation of ALT level, >450 000 platelets per mm 3 after the seventh day, white blood cell count of >15 000 cells per mm 3 , and >10 white blood cells per high-power field in the urine). 10 † †Incomplete KD by echocardiographic criteria is defined by the AHA with <4 clinical criteria and z score of LAD or RCA ≥2.5.
10 ‡ ‡All subjects who received IVIG were given 2 g/kg. § §Only subjects treated with IVIG within the first 10 days of illness who did not receive infliximab as part of a clinical trial, or for the indications of echo abnormality or severity of illness within 36 hours of IVIG infusion (n = 54 for < 6 months; n = 451 for ≥ 6 months), were included in the denominator.
¶ ¶Using denominator of all subjects who received IVIG in the first 10 days of illness (n = 76 for <6 months; n = 545 for ≥ 6 months old). ***Using denominator of subjects who received infliximab for an indication other than treatment resistance and were treated in the first 10 days of illness (n = 22 for <6 months; n = 94 for subjects ≥6 months old). † † †Indications for infliximab included severe reactive arthritis, severe systemic inflammation, and KD shock syndrome.
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Contrary to published experience, the prevalence of IVIG resistance for patients with KD treated with IVIG alone within the first 10 days of illness was similar between those <6 months old and those ≥6 months old (13% and 16.6%, respectively). For patients treated within the first 10 days after fever onset at both sites, a larger proportion of infants <6 months old had a dilated or aneurysmal coronary artery on the initial echocardiogram compared with those ≥6 months old (35.5% dilated, 6.6% aneurysm, 1.3% giant aneurysm vs 16.7% dilated, 2.6% aneurysm, 0.2% giant aneurysm; P < .001) ( Table II ). Aneurysms and giant aneurysms were significantly more common over the first 8 weeks since diagnosis at both sites in infants <6 months old compared with those ≥6 months old (13.2% aneurysm and 5.3% giant aneurysm vs 4.4% aneurysm and 0.6% giant aneurysm; P < .001). Eight of the 43 patients (18.6%) <6 months old who had a normal echocardiogram at diagnosis developed a dilated or aneurysmal coronary artery on a subsequent echocardiogram within 8 weeks of diagnosis. Of these, 7 infants, including the 2 who developed aneurysms, had an abnormal echocardiogram within 2 weeks of the initial normal echocardiogram (median 7 days, range 2-13 days). One infant had a borderline dilated coronary artery (z score 2.1), which steadily increased in size over the course of a month and then qualified as a dilated coronary artery by AHA criteria (z score 2.6).
Coronary artery z score data were available for all patients with KD treated at RCHSD. In infants <6 months old diagnosed and treated for KD at RCHSD within the first 10 days of illness (n = 48), only 26 (54.2%) had normal z scores on their initial echocardiogram (Figure 2 ; available at www.jpeds.com). Seven of the 26 (26.9%) with initially normal echocardiograms went on to have new abnormalities by echo including 5 who developed new dilation (z score 2.6-3.8) and 2 who developed aneurysms with maximal z scores of 5.7 and 7.2. In contrast, only 30 of 439 patients (6.8%) older than 6 months treated within the first 10 days of illness had an initial normal echo with subsequent abnormalities on follow-up echoes. Of the 22 infants <6 months (45.8%) who had an initial abnormal echocardiogram, 10 remained abnormal with z scores ranging from 2.8 to 12.2. Four patients had giant aneurysms with z scores from 11.1 to 12.2. Thus, overall, 17 (35.4%) infants <6 months old had persistent coronary artery dilation or aneurysm despite timely treatment within the first 10 days after onset of fever.
Discussion
Our study emphasizes the poor outcomes in a young patient population despite timely diagnosis and treatment. The first report of the clinical picture of infants younger than 6 months of age was published in 1986 by Burns et al. 3 Of the 8 infants with KD in that study, 6 developed coronary artery aneurysms and 2 of these died from the coronary artery vasculitis.
In this current study with data combined from both sites, even with timely diagnosis and treatment with IVIG in the first 10 days of illness, nearly 20% of infants <6 months had an aneurysm or giant aneurysm compared with 5% of infants ≥6 months old. Furthermore, over 50% of the infants had coronary artery abnormalities on their initial echocardiogram. One limitation of our study is that z scores of the coronary arteries were only available at RCHSD. However, as with our study, other recent studies of this young population have also had a high prevalence of coronary artery abnormalities including 35% in a study from Chandigarh, India and 30.8% in a study in Anyang, Korea. 1, 7 Also, in our study, infants <6 months of age were more likely to be of Asian descent. This is consistent with data from Japan where the highest incidence of KD is seen in infants less than a year old.
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Compared with the published literature where age <6 months is considered a risk factor for late diagnosis, the median illness day for diagnosis in our study was day 6, which afforded the opportunity to understand how the coronary artery damage can evolve in these infants despite timely diagnosis and treatment. 12 It is alarming that more than 25% of infants <6 months old with a normal echocardiogram initially went on to develop a dilated or aneurysmal coronary artery, most within the first 2 weeks of treatment, emphasizing the importance of careful and frequent echocardiographic monitoring of these infants.
Age <6 months old has been reported to be an important variable in predicting IVIG resistance. 13, 14 In our study, the prevalence of IVIG-resistance was similar between those <6 months old and those as least 6 months of age. This may in part be because so many infants received alternative therapies, most notably infliximab, early on in the course of illness either as part of a clinical trial or for a cardiac indication, thus, making it impossible to determine if those patients were resistant to IVIG alone. These infants tolerated infliximab well, even with recent administration of rotavirus vaccine in a subset of these patients.
The percentage of infants presenting with incomplete KD has also varied widely in the published literature, ranging from 19% to 88% depending on the definition used and the method *Subjects were classified at RCHSD as having normal (<2.5 SD units [z score] from the mean, normalized for body surface area), dilated (z score ≥2.5 to <4), or aneurysmal (z ≥ 4; z > 10 for giant aneurysm) coronary arteries on the basis of the maximal internal diameters of the RCA and LAD measured by echocardiography at the time of diagnosis and up to 8 weeks after onset of fever. At CHOC, coronary artery abnormalities were classified as normal, dilated, or aneurysmal (focal dilation of an arterial segment at least 1.5 times the diameter of the adjacent segment). The worst coronary artery status was based on the echocardiograms conducted in the first 8 weeks of illness.
of data collection. 1, 7, 15, 16 In our study, the proportion of patients with KD <6 months old presenting with incomplete KD varied by site. At RCHSD, the prevalence of incomplete KD in infants <6 months old (37.8%) was similar to those older than 6 months old. There were methodologic differences in reporting as at RCHSD the data were prospectively collected on standardized case report forms, whereas at CHOC data were retrospectively collected by chart review. This may have influenced the quality of the data. In addition, patients at RCHSD were evaluated prospectively by 1 of 2 experienced clinicians specializing in KD, whereas at CHOC 1 of 5 experienced infectious disease clinicians evaluated and treated the patients. Of the infants with incomplete KD in our study, 21.6% were diagnosed based on an abnormal first echocardiogram compared with only 2.5% in those older than 6 months of age. This further supports the recommendation in the AHA KD Guidelines "Infants ≤6 months old on day ≥7 of fever without other explanation should undergo laboratory testing and, if evidence of systemic inflammation is found, an echocardiogram, even if the infants have no clinical criteria," stressing the importance of an echocardiogram in diagnosing KD in a febrile infant. 
